Introduction
Carbon in natural waters can be largely classified into inorganic and organic carbons. It is one of the main constituents of living organisms, and by the photosynthesis of autotrophs, inorganic carbon is converted into organic carbon. They are then converted back into inorganic carbon through respiration. Organic carbons can be further divided into particulate organic carbon and dissolved organic carbon based on whether they pass through a 0.4 µm mesh filter. Particulate organic carbon consists mainly of living organisms or detritus. On the other hand, dissolved organic carbon constitutes 99% of the organic carbon in natural waters, but their composition remains uncertain.
In recent years, the problem of global warming has become widely acknowledged, and one of the prominent problems is the annually increasing concentration of greenhouse gases that absorb the infrared radiation energy from the surface of the earth. There are especially heated discussions concerning the changes in the atmospheric concentration of carbon dioxide, which is one of the main greenhouse gases, and its effect on the climate. 1 The main source of increasing carbon dioxide in the atmosphere is considered to be the utilization of fossil fuels, deforestation, and cement production. However, it has become clear that only half of the carbon dioxide produced by such activities has remained in the atmosphere; the fate of the other half has been termed the "missing sink." 1 Observation and simulations have been conducted vigorously to search for this "missing sink." To discover the "missing sink," it is important to clarify the global carbon cycle that takes into consideration both the inorganic and organic carbons. The hydrosphere, which covers about 70% of the earth's surface, is considered to play an extremely important role in the global carbon cycle. The total amount of carbon dioxide in the atmosphere is calculated to be 750 gigatons as carbon, and the hydrosphere is considered to contain 39000 and 700 gigatons of inorganic and organic carbons, respectively. 1 The amount of dissolved organic carbon is nearly the same as that contained in the atmosphere, and comprises most of the organic carbon in the hydrosphere. However, in what forms they exist remains largely unknown. One of the most urgently awaited studies is a search for the characteristics and compositions of the dissolved carbon and to clarify their roles in the carbon cycle.
Dissolved organic carbon (DOC) is a fraction that passes through a 0.4-µm mesh filter. Recently, data of DOC measurements have accumulated following an analysis method established by Sharp et al., 2 and it has become clear that the concentrations of DOC show short-term temporal and spatial variations. A study on the vertical distribution of DOC in seawater has shown that the concentration at the surface is 60 -80 µmol C l -1 , while at depths of 150 -300 m it falls to 50 -60 µmol C l -1 . 3 Horizontal variations over scales of several tens of kilometers, or temporal variations from day-to-day can be seen on the order of 20 µmol C l -1 . 4 Dissolved organic carbon (DOC) in water samples from Lake Biwa was chemically characterized by two inorganic adsorbents with completely different surface characteristics. The two adsorbents were HIO (hydrous iron oxide) and SG (silica gel). Solutions of reference standard materials were analyzed concerning their adsorption behavior to HIO and SG for bovine serum albumin (BSA), fulvic acid extracted from the bottom sediments of Lake Biwa, phthalic acid, and starch. The adsorption of DOC to HIO was mainly controlled by ligand exchange and electrostatic interaction; that of SG was by electrostatic interaction. It was found that in a weak acid solution of around pH 5, BSA adsorbs to both HIO and SG, but that fulvic acid, phthalic acid and starch only show adsorption to HIO. Using these characteristics, DOC samples in natural water samples were characterized into pro-DOC, which adsorbs to both HIO and SG at pH 5, and car-DOC, which only adsorbs to HIO at pH 5. The DOC samples in Lake Biwa on October 7, 1997, at sampling sites Nb-2 and Nb-5 (south basin of Lake Biwa, the depths were about 2 and 4 m), and Ie-1 (north basin of Lake Biwa, the depth was about 75 m) were characterized. The pro-DOC has different values, depending on their sampling sites and depths, and had the maximum value of 0.42 mg C l -1 at the surface water of Ie-1, and had the lowest values at middle to deeper water depths (0.18 -0.27 mg C l -1 ). The car-DOC showed a relatively stable value at Ie-1 regardless of the depth (0.63 -0.83 mg C l -1 ), and the maximum value was observed in Nb-2 and Nb-5 (1.2 and 1.3 mg C l -1 ). The ratios between car-DOC and pro-DOC concentrations were 0.2 -0.5, and had different values for different sampling sites and depths. The ratios were significantly different for surface water samples where the biological activities are high and for bottom water samples where decomposition predominates. and a short turnover time. The results of carbon radioisotopic studies on deep-sea water samples have revealed that the average age of the DOC in the deep sea is 6000 years, 6 which shows the existence of biodegradation-resistant, refractory DOC. It is generally considered that DOC consists mainly of by-products of biodegradation and organic products of cell activities, but since they are mainly compounds of multiple sources, only 15% of the DOC compounds present can be identified by existing methods of analysis. 7 Studies on what they are actually composed of are necessary.
On the other hand, there have been efforts to characterize DOC from chemical, physical and biological characteristics to understand the roles of DOC in the hydrosphere. The main chemical characterization method is to use different adsorption characteristics to resin, and to classify them into hydrophobic/hydrophilic groups, and also to classify them into an acid/base/neutral group using the pH at which they are adsorbed or desorbed. 8 Separation using humic and fulvic acids is one such chemical characterization method. 9 Other characterization methods include classification by surface reactivity using adsorption to mercury electrodes, 10 and separation of organic ligands by affinity chromatography using Cu ion immobilized resin. 11 Physical characterization methods include molecular-weight fractionation using molecular cut-off filters or gel-permeation chromatography. 12 Biological characterization methods include classification by biodegradation. Recently, a combined method using molecularweight and biodegradability characterization methods have revealed that organic carbon in macromolecules of molecular weights larger than 10000 are more susceptible to biodegradation than smaller molecules. 13 It was also found that surface water retains more macromolecular organic carbons, 14 and that they are basically composed of polycarbohydrates. 15 It has thus become apparent that the characterization of the DOC is effective for understanding the carbon cycle in the hydrosphere.
The authors suggest a new chemical characterization method using inorganic adsorbents, and considered how it may be used together with HIO and SG, which have different surface characteristics.
The HIO coprecipitation method was established by Ishibashi and his colleagues 16 as a method for concentrating trace elements in seawater samples. Nakayama et al. took advantage of the different adsorption behaviors of Cr(III), Cr(VI), and organically-bound Cr to HIO and hydrated bismuth oxide, succeeded in separating and quantifying them. 17, 18 This was the beginnings of chemical speciation. The HIO coprecipitation method was also applied to organic compounds: glutamine acid, o-hydroxybenzoic acid, and 2,4-dihydroxybenzoic acid by Davis et al.; 19 essential amino acids by Aoki and Munemori, 20 sugars by Yokoi et al., 21 and organic phosphates and carboxylic acids by Hori et al. [22] [23] [24] Especially, a study on carboxylic acids reported in detail the number of carboxyl groups, the numbers and sites of other substituents, the length of the alkyl chains, and the relationship between the pKa1 of the acids and the adsorptivity to HIO. Hori et al. have attempted to characterize organic carbon in Lake Biwa and surrounding rivers according to their adsorptivity to HIO and their reactivity to permanganate oxidant. 25 They found that the fraction with adsorptivity to HIO mainly consisted of refractory organic carbon, which exists at a concentration of 0.5 mg C l -1 evenly in Lake Biwa, and labile organic carbon, that changes with location and depth. Because the former is not found in rivers and streams flowing into the lake, they are considered to have formed inside the lake. 26 The fraction without adsorptivity is refractory, and exists at a constant concentration of 0.4 mg C l -1 in Lake Biwa. It is therefore becoming apparent that the characterization of organic carbon using HIO is useful for understanding the carbon cycle. In this report, the authors have attempted to present a new characterization method using silica gel, which has a completely different surface characteristic compared to HIO. Because pHzpc is around 2, 27 the surface is negatively charged in a wide pH range, and it is known to adsorb positively charged amino groups. 28 Also, the adsorption occurs between the adsorbed molecule and the silanol group on the surface, and the threedimensional structure of the silanol group changes with pH, causing selective molecule adsorption.
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Experimental
Reagent and apparatus HIO adsorbent.
A calculated amount of special reagent grade FeCl3·6H2O was dissolved in 5 M HCl to make a 20 mg Fe ml -1 solution. This solution (15 ml) was mixed with 30 ml of 2 M NH3 solution. The produced HIO was collected using the centrifugal precipitation method, and rinsed 5 times with 20 ml of MQ water. This HIO was dispersed in 10 ml of MQ water and diluted to 15 ml. To keep the dispersed HIO in an amorphous state, this solution was prepared anew each time. For the adsorption experiment, 1 ml of this dispersed solution (containing 0.4 mmol of Fe) was used. SG adsorbent.
7.1 g of Na2SiO3·9H2O was dispersed in 40 ml of MQ water, and special reagent grade HCl (5 ml) was added to the solution while it was stirred. This silica-gel solution was again stirred while a 10 M NaOH solution was added in drops until the pH reached 7. The created gel was washed 5 times with 40 ml of 0.01 M HCl, and then dispersed in 50 ml of MQ water. One milliliter of this dispersed solution (containing 1 mmol of Si) was used for the adsorption experiment.
Preparation of bovine serum albumine (BSA), starch, and phthalic acid solution.
A BSA solution was prepared by diluting 20 mg of reagent (SIGMA Co., USA) with 200 ml of MQ water. The DOC concentration of this solution was 37 mg C l -1 . A starch solution was prepared by dissolving 2 mg of soluble starch (Wako Chemicals) in 200 ml of MQ water. The DOC concentration of this starch solution was 3.0 mg C l -1 . The standard procedure was followed to prepare phthalic acid. 35 Special reagent-grade phthalic acid was diluted by MQ water to 2 mmol l -1 , and stored and diluted to 0.1 mmol l -1 for adsorption experiments.
Preparation of fulvic acid.
Fulvic acid was extracted and purified by an improved version of the standard method. 9 A bottom sediment sample from the central part of south basin of Lake Biwa collected in June, 1989, was freeze dried. To this, a five-fold amount (v/w) of 0.2 M NaOH was added and shaken overnight at room temperature. The extracted humic solution was collected by centrifuging, and the solution was adjusted to pH 2 by the addition of HCl to precipitate the humic acid. The solution was filtered to remove the precipitate, and the filtrate was ultrafiltrated (cut off M.W. = 1000) while supplying 0.1 M HCl to the filtrate to remove the low-molecular-weight fraction. The remaining fraction was rinsed with pure water until no Clwas detected, and then freeze dried. Two milligrams of fulvic acid powder obtained by this method was re-dissolved in 200 ml of Milli-Q water and used as standard fulvic acid solution. The DOC concentration of this solution (as carbon) was 3.6 mg C l -1 . Measuring the DOC. The DOC concentrations were analyzed using a Shimadzu TOC-5000. All samples were measured twice and their averages were taken. Samples whose fluctuation factor exceeded 2% were measured 3 times, and the average of the two values giving the least fluctuation factor was adopted.
Preparation of the DOC sample from Lake Biwa
The sampling sites are shown in Fig. 1 . Samples were taken on Oct. 7, 1997, at the south basin of Lake Biwa at sites Nb-2 and Nb-5 for surface water, and at north basin of Lake Biwa, at point Ie-1 at depths of 0, 5, 10, 20, 30, 40, 60, and 75 m. These samples were brought back to a laboratory kept under cool and dark conditions, and were immediately filtered using 0.4 µm Nuclepore filters to remove any suspended particulates. The Nuclepore filters were boiled and rinsed with a mixed acid of 1 M-HCl-1 M-HNO3 beforehand. The filtered samples (hereafter referred to as "DOC samples") were stored in polycarbonate bottles. Samples intended for long-term storage were kept in freezers at -30˚C. The contamination of organic carbon from 10 Nuclepore filters was less than 10 µg C l -1 , and from the sample bottles was also 10 µg C l -1 . Unless otherwise specified in the text, these samples were used for adsorption experiments of DOC to HIO and SG adsorbent.
They were then characterized into pro-DOC and car-DOC to study how each fraction is distributed in Lake Biwa.
Adsorption experiment of DOC
Approximately 40 ml aliquots of natural DOC samples (taken at the canal of L. Biwa on Jul. 9, 1996) or each standard solutions (BSA, fulvic acid, phthalic acid, starch) were taken, and 1 ml of either HIO or SG dispersed solution was added to them. Their pH was adjusted to 4 -10, and the samples were shaken for 5 h under chilled (15˚C) and dark conditions. After they had reached the adsorption equilibrium, they were filtered using 0.4 µm Nuclepore filters to remove any adsorbents, and the DOC concentration of the filtrate was measured. The DOC adsorption percent was calculated from the DOC concentrations before and after the adsorption experiment. The DOC adsorption rates were then plotted against the pH at the adsorption equilibrium.
Results and Discussion
Adsorption behavior of dissolved organic carbon to SG and
HIO
Figure 2(a) shows how BSA adsorbs to SG and HIO. BSA shows the highest and a constant adsorption rate of 70% throughout the pH range of 2 -9. The adsorption rate begins to fall above pH 9. BSA begins to adsorb to HIO from pH 4 and shows a maximum adsorption rate of 80 -90% at pH 4 -6. Above that, the adsorption rate begins to fall, and drops to 30% at pH 10.5. This shows that BSA is adsorbed by both SG and HIO within a pH range of 4 -6. It is not clear why the maximum adsorption percent did not reach 100%. A BSA solution was diluted by a factor of 2 and 10, although it displayed the same behavior ( Fig. 2(a) ) as the original BSA solution. This is probably due to free amino acids or small peptides that behave totally differently to SG and HIO in the BSA (10 -20%) and remain in the solution phase, and not because a part of the BSA (polypeptide) remains in the solution.
Figure 2(b) shows the adsorption curve for fulvic acid. Fulvic acid adsorbs to SG 10 -20% at pH 3 -4, and does not adsorb at all in other pH ranges. On the other hand, fulvic acid shows a constant maximum adsorption rate of 70% to HIO at pH 4 -7.
It is apparent from the adsorption curve of phthalic acid (Fig.  2(c) ) that it is not adsorbed by SG. The adsorption curve for HIO shows that the adsorption rate increases rapidly below pH 7, and reaches 100% at pH 4 -5.5. In a previous study, we investigated the adsorption curves of 34 carboxylates and their analogues, and concluded that those molecules with more than two HOOC-residues are adsorbed quantitatively to HIO at the range of pH 4.0 -5.5. 24 The organic acids with many HOOCresidues represented by phthalic acid are typical of those adsorbed by HIO, but not by SG. Also, since the adsorption of phthalic acid to HIO is reversible upon a pH change, it is thought that the phthalic acid is adsorbed to HIO by the positively charged HIO surface under acidic conditions by 79 ANALYTICAL SCIENCES JANUARY 2001, VOL. 17 ligand exchange and anion exchange. The adsorption curve for starch ( Fig. 2(d) ) shows that starch is adsorbed approximately 10% by SG near pH 3 and near pH 10, but is not adsorbed when the solution is in the neutral range. On the other hand, approximately 20% of the starch is adsorbed by HIO at pH 4, and the maximum adsorption of 65% occurs at pH 5 -7. It can therefore be seen that although starch shows a different adsorption characteristic to phthalic acid and fulvic acid, it is not adsorbed by SG, and is adsorbed by HIO at pH 5 -7. The reason why the maximum adsorption is limited to 65% is probably that the soluble starch may contain mono-, di-or oligo-saccharides that have lower affinity to HIO. Figure 2 (e) shows the adsorption curve for DOC in canal of L. Biwa. The DOC adsorbed to SG about 30% at pH 2 -6, and as the pH increased above 6, the adsorption rates gradually decreased and remained a constant value of about 20% at pH 8 -10. Natural DOC includes a variety of types of organic matter, so this adsorption curve was thought to appear the sum of many figures of adsorption curves. Meanwhile, the adsorption behavior to HIO resembled that of BSA, fulvic acid and phthalic acid; also, this adsorption was reversible to pH. The adsorption rate increased rapidly below pH 8, and reached 70% at pH 4 -5.
Adsorption mechanisms of DOC to HIO
Ligand exchange (a kind of surface complexation) and electrostatic interaction may first control the adsorption of DOC to HIO. 30 The surface hydroxyls of HIO (Fe-OH2 + and Fe-OH groups) are exchanged by other ligands: hydroxyl, phosphoryl, and carboxyl groups, and H2O and OH -respectively being displaced.
L: ligand
The extent of surface complex formation (adsorption) is strongly dependent of the pH because the adsorption of anions is coupled with the release of OH -ions. It is known that the number of adsorption centers decreases at a higher pH range. Thus, adsorption by this mechanism is favored by lower pH values. This mechanism can explain the adsorption of DOC to HIO involving surface hydroxyls of HIO with the extent of protonation of the anionic groups of ligands. In the case of HIO, maxima of adsorption of many ligands occur near the pKa value of their conjugate acids. 30 An electrostatic interaction occurs between the positively charged surface of HIO and anionic groups of DOC. Because the pHzpc of HIO is around 8, 27 the adsorption by this mechanism shows an increase from neutral to acidic pH ranges. The adsorption of BSA, fulvic acid and phthalic acid seemed mainly to be controlled by these two mechanisms because of their strong dependencies on the pH.
In addition, the adsorption of polymers, such as protein, fulvic acid, and starch, may be influenced by the van der Waals interactive energy of interaction or hydrophobic bonding between alkyl chains or aromatic groups of adjacent adsorbed molecules. Accordingly, polymers usually readily adsorb on solid surfaces. However, the van der Waals interaction is weak (2.5 kJ per 1 mol-CH2) 30 in comparison with the Gibbs' free energy of the ligand exchange (about -35 kJ per 1 mol-DOC in natural waters at around pH 4). 31 Only in the adsorption of starch does the van der Waals interaction seem to be effective. Starch adsorbed to HIO in the neutral pH range in which nondissociative-neutral species were dominant. Also, an observation that oligo-or poly-saccharides had higher adsorptivity to HIO as its chain length becomes longer by Yokoi et al. 21 support our view concerning the adsorption of starch.
Adsorption mechanisms of DOC to SG
Only BSA had high adsorptivity to SG in this study. Because the pHzpc of SG is 2 its surface is negatively charged over a wide pH range, ligand exchange as in the case of HIO may not occur. Shirahama et al. 32 have studied some protein adsorption on hydrophilic silica and hydrophobic polystylene-coated silica, and concluded that at the hydrophilic silica the adsorption is largely determined by an electrostatic interaction.
The adsorption rate of protein increases as the charge contrast between the protein and the adsorbent surface increases. The isoelectric point of BSA is 4.7 -5.0, 33 and because most proteins are less than 7, they may well have high adsorptivity to SG under acidic conditions. Sadana 33 interpreted that in addition to the electrostatic interaction, protein adsorption was due to a decrease in the conformational stability of a protein with increasing net charge on the molecule. As the pH is far from the protein's isoelectric point, a structural rearrangement occurs and the rearranged molecules have larger surface areas than the original molecules, and thus the adsorption rates decrease. Furthermore, at pH values far away from the isoelectric point, increasing electrostatic repulsion between the adsorbed molecules leads to a further decrease in the adsorption rate.
Characterization of DOC in Lake Biwa from continuous adsorption experiments using both SG and HIO
As described above, protein, organic acids (including fulvic acid), as well as starch each showed different adsorption behaviors to HIO and SG. Protein adsorbs both to HIO and SG in acidic and neutral conditions, organic acids adsorb only to HIO in the range pH 4 -5.5, and starch adsorbs only to HIO in the range pH 5 -7. Applying this result, DOC in natural water samples can be divided into each type of fraction based on its adsorptivity to HIO and SG. In this study, we made a first trial to determine protein-type pro-DOC and carboxylate (organic acid)-and carbohydrate-type car-DOC in natural waters. Figure 3 shows the procedure used to characterize the DOC. From the Lake Biwa DOC samples that were measured for DOC(I) beforehand, 80 ml was placed in polycarbonate centrifuge tubes, and 2 ml of a prepared SG dispersed adsorption solution was added to the samples. They were then adjusted to pH 5 with HCl, and shaken for 5 h. After the samples had reached the adsorption equilibrium, the sample solutions were placed in a centrifuge and then filtered. The filtrates (30 ml) were taken for a DOC analysis(II). From the remaining sample solution, 40 ml was taken for the next adsorption step. One milliliter of HIO dispersed solution was added to each sample and the pH of the sample solution was adjusted to pH 5. They were then shaken for 5 h. After the samples had reached adsorption equilibrium, they were filtered to remove HIO, and the filtrate was analyzed for DOC(III). The blank values were measured using MQ water instead of the Lake Biwa samples, and it was found that the organic carbon contamination from the SG was less than 90 µg C l -1 . Because this value increased with the time since the SG was prepared, SG solutions were freshly prepared for every analysis. No organic carbon was seen to contaminate from HIO. These blank values were subtracted from the measured values to obtain the analyzed values of DOC(I), (II), and (III). The total DOC (tot-DOC), pro-DOC, and car-DOC were calculated using the following equations: 
Proteins can be adsorbed and collected first using SG, and then HIO can be added to the filtrate to collect organic acids and starch. Using this methodology, act-DOC, which was previously characterized by its adsorptivity to HIO, 25, 26 can further be divided into protein-type pro-DOC and carboxylate and carbohydrate-type car-DOC.
A reverse continuous adsorption experiment using HIO first, and SG second to the samples of L. Biwa was carried out. After the second adsorption, the DOC adsorbed to SG was not at an appreciable concentration. That is, SG-adsorbed organic carbon had adsorptivity to HIO at the same time. Therefore, it can be said that pro-DOC in natural waters gave a similar nature as BSA. Table 1 gives the results of characterizing the DOC in samples collected from Lake Biwa on Oct. 7, 1997, into pro-DOC and car-DOC.
Distribution of pro-DOC and car-DOC in Lake Biwa
It could be seen that the pro-DOC in the lake water was distributed between the range of 0.18 -0.46 mg C l -1 , which was equal to a tot-DOC of 13 -29%. The characteristics of the pro-DOC in Lake Biwa was that it showed a different concentration pattern at the surface (depth 1 -10 m) of site Ie-1 and the deeper layers (20 - -1 (56 -60% of the tot-DOC). However, the overall changes in the concentrations are small, and it can be concluded that at site Ie-1, car-DOC is evenly distributed. To the contrary, the car-DOC concentrations were 1.3 and 1.2 mg C l -1 at Nb-2 and Nb-5, respectively. In south basin of Lake Biwa, humic substances sometimes showed high concentrations. 34 Furthermore, it was revealed that the concentrations were higher at eastern shores where shallow regions and complex shorelines tended to keep different regions of lake water from horizontal mixing. Based on these observations, the high car-DOC concentrations at Nb-2 (2 m depth) and Nb-5 (4 m depth) are concluded to be the result of the addition of humic substances due to churning up of the lake bottom sediment and from the inflow of river waters.
Conclusions
The authors attempted to characterize DOC using 2 types of adsorbents, HIO and SG. The adsorption behaviors of standard DOC solutions (BSA, fulvic acid, phthalic acid, starch) and natural DOC to these adsorbents were determined. It was found that ligand exchange and electrostatic interactions mainly controlled the adsorption of DOC to HIO, and the adsorption was explained by the surface charge of HIO and the extent of the protonation of the anionic groups of ligands. On the other hand, electrostatic interaction mainly controlled the adsorption of DOC to SG, and only protein had high affinity to SG; also, the surface charge of SG and the isoelectric point of protein were involved with the adsorptivity.
At the range of pH 5 -7, fulvic acid, phthalic acid and starch showed adsorptivity only to HIO, and BSA showed that to both HIO and SG. By using these features, DOC can be divided into pro-DOC, which adsorbs to both HIO and SG at pH 5, and car-DOC, which adsorbs to only HIO at pH 5 0.28 mg C l -1 , and the surface water of Nb-5 had a high value of 0.42 mg C l -1 . The concentration of car-DOC has a nearly constant distribution from the surface to the bottom at site Ie-1 (0.63 -0.83 mg C l -1 ). However, at sites Nb-2 and Nb-5, the car-DOC concentrations are high at 1.3 mg C l -1 and 1.2 mg C l -1 , respectively. The high-concentrations observed at south basin of Lake Biwa is probably due to the effects of the addition of humic substances by the churning up of high concentration material from the lake bottom. The ratio of the car-DOC concentration to the pro-DOC concentration was high at the surface water of Ie-1 (0.5), and had a low value extremely near the bottom (0.2). The middle layers showed ratios in between the two (0.3 -0.4). This most probably reflects the difference in the biologically active surface layer and the bottom layer where decomposition dominates.
To divide DOC into fractions by their origins is very effective to elucidate the circulation of DOC in hydrosphere. Proteins, organic acids, and carbohydrates may behave differently in natural water and play extremely important roles. In this study, it was found that inorganic adsorbents, such as SG and HIO, can distinguish the organic materials according to their pKas or isoelectric points and that protein-type DOC and carboxylateand carbohydrate-type DOC can fractionate each other. A further study is expected to determine the distribution and transfer of the each fraction of DOC in various environments. Furthermore, by using reversible adsorption reactions, the adsorbed organic components can be concentrated by desorption.
This may make it possible to study the characteristics of the adsorbed molecules in more detail e.g. by using spectrophotometric or elemental analyses.
